Comparison of the matrix (M) protein gene sequences of various vaccine-associated mumps virus isolates reveals that in contrast to the SH gene the M gene is highly conserved and its sequence is probably not affected during virus attenuation.
Mumps virus is a member of the paramyxovirus group. The genome is negative-sense, linear ssRNA, consisting of 15384 nucleotides (nt). The mumps virus genome contains information for seven genes (3' N-P-M-F-SH-HN-L 5'). The protein products of six of the seven genes have been characterized and their estimated M r values determined. They are the nucleocapsid protein (N; 3//,. 70K), the phosphoprotein (P; M,. 45K), the matrix protein (M ; M r 39K), the fusion protein (F; Mr 69K), the haemagglutinin-neuraminidase protein (HN; M r 80K) and the large protein (L; M r 200K) (for review see Wolinsky & Server, 1985) . Two non-structural proteins (M r 23K and 17K) (Rima et al., 1980) which are believed to be translated from the P gene mRNA by nucleotide editing are also present in infected cells. The nature of the SH gene products, if any, is not yet known.
Mumps, measles and rubella (MMR) vaccine containing the live attenuated Jeryl Lynn or the Urabe strain of mumps virus is given to 1-year-old children in most European countries. Initial reports (Hockin & Furesz, 1988) indicated that one in about 100000 recipients developed aseptic meningitis after MMR vaccination containing the Urabe strain although recent estimates give a higher figure (Colville & Pugh, 1992) . These symptoms are not observed with the MMR containing the Jeryl Lynn strain (Nalin, 1989 (Nalin, , 1992 which has recently been shown to contain a mixed virus population (Afzal et al., 1992 (Afzal et al., , 1993a .
At present, the reasons for vaccine-associated adverse effects are not known.
Nucleotide sequence data discussed in this paper have been deposited in the EMBL/GenBank databases under the following accession numbers: L26119 (ED4 strain), L26120 (JL2 isolate), L26121 (JL5 isolate), L26122 (Urabe strain), and L26123 (Enders strain).
Among all known structural proteins of mumps virus, the M protein appears to be the smallest in the virion. In paramyxoviruses the M protein is known to be involved in a number of biological functions, which range from its role in virus assembly, maturation, budding and establishing a link between the core and coat proteins of the virion (Yoshida et al., 1976; Matsumoto, 1982; DuboisDalcq et al., 1984; Roux et al., 1984) .
Previously, it has been shown that the change of host cell line has its effect both on M gene mRNA transcription and protein synthesis . Similarly the M gene sequence of subacute sclerosing panencephalitis (SSPE)-derived measles virus (another member of the family Paramyxoviridae) has been shown to be highly mutated at some specific residues (Cattaneo et al., 1988) . Thus changes in the M gene or its expression may affect the phenotype of mumps virus.
In this study our specific aims were to determine the nucleotide sequence of the M gene of vaccine and other viruses, the sequences of which were not available previously, and to perform a sequence comparison with other strains to establish evolutionary relatedness and confirm relationships identified by sequencing other genes (Forsey et al., 1990; Afzal et al., 1993a) . In addition, sequence comparison of unpassaged vaccine bulk with viruses passaged many times in tissue culture and with clinical isolates of different disease phenotypes could establish whether or not the M gene has a role in virus attenuation.
Our data suggest that in contrast to the SH (Afzal et al., 1993a) and HN genes (P. Yates, unpublished) the M gene of various isolates of mumps virus is highly conserved and that mutations in the M gene are probably not involved in virus attenuation. Mumps viruses were isolated from throat swabs or cerebrospinal fluid (CSF) samples (see Table 1 ). The Urabe and Jeryl Lynn vaccine viruses were obtained from commercial vaccine suppliers. e ...................  ............................ highly conserved and consist of a single T residue in all of the isolates. This is in contrast to the SH-HN intergenic region which is known to be different between Urabe and Jeryl Lynn, the two vaccine strains (Afzal et al., 1993a) . The M gene sequences derived from the Urabe unpassaged vaccine bulk, vaccine bulk passaged once in Vero cells (Ur P1), passaged 10 times (Ur P10) and from various Urabe-related clinical isolates (LO4, NT5 and CA7) were identical. This suggests that changes in the M gene sequence are not involved in virus attenuation. However, the isolates, with the exception of the vaccine bulk, were propagated in Veto cells which could result in the selection of identical M gene sequences. This possibility can only be eliminated by direct examination of virus in clinical specimens.
Further sequence comparisons between various mumps virus isolates sequenced at this institute (NIBSC) and a single published non-vaccine strain, SBL-1 (Elango, 1989; Elliott et al., 1989) revealed that the Urabe strain differed most from the JL2 strain (65 nt i.e. 5'2%) followed by JL5 (62 nt, 4.9%), Enders (59 nt, 4-7%), SBL-1/e (egg-adapted) (57 nt, 4-5%) and wildtype U.K. isolate ED4 (51 nt, 4.1%). The relationships between the strains based on comparison of the M gene sequences (not shown) are very similar to those previously established by comparison of F and SH sequences (Forsey et al., 1990; Afzal et al., 1993 a) and by singlestrand conformation polymorphism analysis (Afzal et al., 1993b) . It is noteworthy that SBL-1/e (Elliott et al., 1989) shows a difference of one nucteotide to the SBL-1 Vero-adapted strain (SBL-1/v) (Elango, 1989) at position 508 (T to G). This change also causes an amino acid substitution from serine to alanine at position 158. The mutation at position 508 cannot be associated with cell adaptation since all tissue-culture-grown isolates except SBL-1/v were identical to the egg-adapted strain. Actual and percentage nucleotide and amino acid changes between various isolates are summarized in Table 2 .
Two isolates, JL2 and JL5 identified in the Jeryl Lynn vaccine (Afzal et al., 1993a) , differed at 24 nt (1.94%) which produced seven (1.87 %) amino acid changes in their M protein sequence. The nucleotide sequence derived from the Jeryl Lynn bulk showed ambiguity at various positions which corresponded to either the JL2 or the JL5 sequence. Table 3 represents the actual and percentage nucleotide differences between three genes (M, SH and HN) of two commonly used mumps vaccine strains. The data confirm our previous findings which proposed that the SH gene is probably the most variable gene in the mumps virus genome (Afzal et al., 1993a; Turner et al., 1991; Yeo et al., 1993) .
Analysis of the nucleotide sequences shows that differences in the nucleotides are scattered throughout the gene among various virus isolates, and no region of significant conservation, as found in the 5' non-coding region of the SH genes (Afzal et al., 1993 a) , is present in the M gene sequences. Unlike the nucleic acids, the protein sequences (Fig. 1) are highly conserved, showing that most of the nucleotide changes are not expressed. The amino-terminal 50 amino acid residues of M proteins are highly conserved with a single exception of a methionine to valine change in the Urabe strain at position 38. Similarly, another domain of 100 amino acids in the middle of the protein (positions 150 to 250) is conserved.
The high degree of genetic conservation of the M sequences compared to the SH gene (Table 3) possibly reflects crucial biological functions of this protein, which in other paramyxoviruses have been shown to be involved in virus assembly, maturation and budding. Lack of mutation(s) in the viruses isolated from the CSF of mumps meningitis cases was not entirely expected, as the M gene sequence of SSPE-derived measles virus has been shown to be highly mutated (Cattaneo et al., 1988) .
In conclusion, we present the first report of the M gene sequence of mumps vaccine viruses, and based on our sequence data of three extensively studied genes (M, SH and HN) of various mumps virus isolates, we also propose that the M gene is highly conserved among isolates and that its nucleotide sequence is probably not affected during virus attenuation.
